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Zusammenfassung
Hintergrund: Bei der adjuvanten Therapie von postmenopausalen Pati-
entinnen mit Hormonrezeptor-positivem (HR+) Mammakarzinom bele-
gen die ATAC-100-Monatsdaten (ATAC-Studie: ‘Arimidex’, Tamoxifen 
Alone or in Combination) einen signifikanten Vorteil von Anastrozol ge-
genüber Tamoxifen in Bezug auf Rezidivrisiko und Verträglichkeit. Es 
wurde eine Kosten-Nutzwert-Analyse von Anastrozol im Vergleich zu 
Tamoxifen aus der Sicht des deutschen Gesundheitssystems durchge-
führt. Material und Methoden: Als Berechnungsbasis wurde ein Mar-
kov-Modell zur Abschätzung der Kosteneffektivität entwickelt. Der Mo-
dellierungszeitraum umfasste 25 Jahre. Die Daten wurden anhand der 
ATAC-100-Monatsdaten, vorliegender Literatur und durch ein interdiszi-
plinäres Expertenteam ermittelt. Ergebnisse: Eine adjuvante Therapie 
mit Anastrozol erzielte 0,32 quality-adjusted life-years (QALYs) pro 
 Pa tientin mehr, verglichen mit einer adjuvanten Tamoxifentherapie. Die 
zusätzlichen Kosten der Therapie mit Anastrozol lagen bei 6819 D  pro 
Patientin. Im Vergleich mit Tamoxifen erzielte Anastrozol einen ICER (In-
cremental Cost-Effectiveness Ratio) von 21 069 D (30 717 $)/QALY über 
den gesamten Modellierungszeitraum. Schlussfolgerung: Diese Kosten-
Nutzwert-Analyse eines Aromatasehemmers basiert erstmals auf einer 
Datenanalyse, die auch das Follow-Up und den sogenannten Carry- 
over-Effekt nach einer abgeschlossenen 5-Jahres-Therapie beinhaltet. 
Ana strozol ist auch nach dieser Analyse aus der Sicht des deutschen 
Gesundheitssystems eine kosteneffektive Therapieoption für postmeno-
pausale Patientinnen mit einem HR+ frühen Mammakarzinom.
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Summary
Background: In the ‘Arimidex’, Tamoxifen Alone or in Combination 
(ATAC) trial, the aromatase inhibitor (AI) anastrozole had a significantly 
better efficacy and safety profile than tamoxifen as initial adjuvant ther-
apy for hormone receptor-positive (HR+) early breast cancer (EBC) in 
postmenopausal patients. To compare the combined long-term clinical 
and economic benefits, we carried out a cost-effectiveness analysis 
(CEA) of anastrozole versus tamoxifen based on the data of the 100-
month analysis of the ATAC trial from the perspective of the German 
public health insurance. Patients and Methods: A Markov model with a 
25-year time horizon was developed using the 100-month analysis of 
the ATAC trial as well as data obtained from published literature and 
expert opinion. Results: Adjuvant treatment of EBC with anastrozole 
achieved an additional 0.32 quality-adjusted life-years (QALYs) gained 
per patient compared with tamoxifen, at an additional cost of D 6819 per 
patient. Thus, the incremental cost effectiveness of anastrozole versus 
tamoxifen at 25 years was D 21,069 ($ 30,717) per QALY gained. Conclu-
sions: This is the first CEA of an AI that is based on extended follow-up 
data, taking into account the carryover effect of anastrozole, which 
maintains the efficacy benefits beyond therapy completion after 5 years. 
Adjuvant treatment with anastrozole for postmenopausal women with 









26.8% [1]. Tamoxifen is an established endocrine adjuvant
treatmentforpostmenopausalwomenwithhormone-sensitive
breastcancer [1,2].Theuseof tamoxifenasadjuvant treat-
mentreducesthe5-yearrelapseriskby41%andtheriskof
death by 34% [3]. Furthermore, the risk of contralateral
breast cancer is reduced by 39% [4, 5]. However, despite






tionnon-steroidal aromatase inhibitor (AI),whichhas con-
sistently demonstrated superior efficacy and safety results
comparedtotamoxifen inthe ‘Arimidex’,TamoxifenAlone
orinCombination(ATAC)trial[8,9].
The patient population in the ATAC trial consisted of
postmenopausal women with estrogen and/or progesterone
receptor-positive early breast cancer (EBC) who had com-
pletedprimarytherapy(surgery±radiotherapy±chemother-
apy) andwere eligible for adjuvant endocrine therapy. Pa-
tients were randomized to receive either anastrozole or
tamoxifen(orboth)forupto5years[8].Asthecombination
armshowednobenefitovertamoxifenaloneintermsofeffi-
cacy or safety, this armwas discontinued following interim
analysisat33months.Detailsofthedesign,methodologyand
analysisof the trialhavebeenpublishedpreviously [8].The




tamoxifen, anastrozole was associated with significantly
longerdisease-freesurvival(DFS)(hazardratio(HR)0.85,
p=0.003)and longer time torecurrence(TTR)(HR0.76,
p=0.0001)[9].Recurrenceratesforanastrozole-treatedpa-
tients remainedsignificantly lowerafter treatmentcomple-
tion (HR 0.75, p = 0.01), indicating a carryover effect of
anastrozolethatisevengreaterthanthatpreviouslyshown
fortamoxifen[4].Althoughoverallsurvival(OS)wasstatis-
tically not significantly different in the hormone receptor-
positive(HR+)patientgrouptherewerenumericallyfewer
deaths (245 vs. 269) after recurrence in the anastrozole
groupat100months[9].
Anastrozole was also associated with a more favorable
overall safety profile versus tamoxifen, e.g. a significantly
lower incidence of endometrial cancer, thromboembolic
events, and vaginal bleeding/discharge.Patients on anastro-
zoleshowedincreasedratesofarthralgiaandbonefractures











[14]both recommend theuseofAIs as adjuvant endocrine
therapyforpostmenopausalwomenwithHR+EBC.
However, the higher acquisition cost of anastrozole,
against a background of limited resources in several health
systems,couldlimittheadoptionofthisagent.Germanyand









need tobesupportedbya systematicassessmentof thecosts
andbenefitsofnewhealthtechnologies.Inmanycountries,in-
dependent institutions, like theNational Institute ofClinical
Excellence(NICE)intheUKortheInstituteforQualityand
Efficiency in Health Care (Institut für Qualität und Wirt-




tems, it is important toassess ifanastrozoleoffersvalue for
money, i.e. if anastrozole is cost effective compared to the
currentstandardtreatment,tamoxifen.Theaimofthisstudy
was to evaluate the long-termcost effectivenessof anastro-
zole compared with tamoxifen for postmenopausal women
withHR+EBC.Theanalysiswas carriedout from theper-
spectiveoftheGermanstatutoryhealthinsurance(Gesetzli-






To assess the cost effectiveness of anastrozole, a probabilisticMarkov














withEBC,whichwould lead to the fact thatmanywouldalreadyhave
diedwithin25years.Inthemodel,75%ofthepatientswillhavediedby
25years.Theeffectofa shorter timehorizon isexplored ina scenario














(QALYs), the incremental cost-effectiveness ratio (ICER) as cost per
QALYgained.
Major Assumptions
Itwasassumedthat thepatientpopulationof theATACtrial is repre-











(non-breast cancer) causes. Patients who experience an adverse event
(AE)/seriousadverseevent(SAE)mayswitchhormonaltreatmentand















HR Lower95%CI Higher95%CI Distribution
0.76 0.67 0.87 log-normal
Table 1c. Modelprobabilities:Distantrecurrences,withdrawalsanddeaths
Distantrecurrences,withdrawalsanddeaths Probabilisticparameters(betadistribution)
anastrozole,% tamoxifen,% anastrozole tamoxifen
alpha,n beta,n alpha,n beta,n
Distantrecurrence(as%ofallrecurrences),
years1–10[9]c
78.01 72.27  305   86  357  137
Adverseeventsd
Life-threatening  4.7  6.6  142 2950  201 2893





26.1 25.4   37  104   51  105
%ofotherAEsleadingtowithdrawals  3.3  3.5   72 2163   71 2037
Overallwithdrawal  4.7  5.5  109 2305  122 2238
FollowingLRR
Distantmetastasisfreeat5years[21] 52.0  73   67
Distantmetastasisfreeafter5years[22] 77.0  91   27
DeathduetobreastcancerafterLRRf 22.2  54  189
FollowingDR










and on the durable treatment benefit previously observed with
tamoxifen[3].However,foraconservativeapproach,wealsoincluded



















































Additionalmonitoring(per3months),D    3.70(1.85) 10.11(5.06)
CostofAEsa
Non-fatalAEs,D  592.57(296.29) 752.38(351.19)
AverageAEs(fatalandnonfatal)b,D  665.44(332.72)
Off-treatmentandrecurrence





Routinefollow-upforDR(per3months)3,D  749(385) 886(443)
TreatmentforLRRc,D 7525(3762.57) 7267(3633.38)
TreatmentforDR(average)d,D   20,190(10,000)
Medicatione
Packpricefor100tablets,D   22.56 572.96
Costperday,D    0.23 5.73


















TheprobabilityofAEswasderived from theATAC trial [8, 10].Key
probabilitiesforAEandwithdrawalratesusedinthemodel,withdistri-
butionsand sources, arepresented in table1.Basedonexpertopinion
andonobservations fromATAC100, itwas assumed thatmost treat-
ment-relatedAEsandSAEsoccurduring the5-year treatmentperiod.
Some events could also occur after completion of treatment (e.g. en-
dometrialcancerandthromboembolicevents),andtheriskofendome-
trialcancerandofthromboemboliceventswasthereforeextendedforan












SAEsandAEs could lead towithdrawal. 26.1 and25.4%ofpoten-
tially fatalAEs and 3.3 and 3.5%of otherAEs led towithdrawal, for
anastrozoleandtamoxifen,respectively.Inthemodel,patientswithdraw-
ing from the initialendocrineagent switched to thealternatedrug (i.e.
patients receiving tamoxifenwouldbe switched to anastrozole, or vice





ature [23].All-causeannualmortality (table2) andgeneralpopulation
mortality due to certain SAEs (e.g. endometrial cancer, DVT and
ischemic cerebrovascular events)wereobtained fromnational statistics
ible.Inaddition,CoxHRscanbecombinedwithWeibullsurvivalcurves
inordertoexpressthetreatmenteffectofanintervention.Weibulldistri-
butions canbedescribedwitha shapeparameter (gamma)anda scale
parameter(lambda)[20].
Toestimatetheparametricsurvivalequationforthetamoxifenarm,





















Probabilitiesofdistant recurrencesamongall first recurrenceswere
derivedfromthe100-monthanalysisoftheATACtrial[9].Theanastro-
zolearmhadaslightlyhigherrateofdistantrecurrencesamongallfirst
recurrences (305/391=78%) than the tamoxifenarm(357/494=72%),
but theabsolutenumberofdistant recurrences (305vs. 357)andofall
firstrecurrences(391vs.494)washigherinthetamoxifenarm.Probabili-
tiesofdistantmetastasesanddeathafterlocal-regionalrecurrencewere
taken from theATAC trial (trial dataon file, 60-monthdata cut) and
fromthepublishedliterature[21–23](table1).
Table 4. Utilityscoresusedinthemodel
Utilityitem Mean(SD) LowerCL UpperCL Probabilisticparameters
(betadistribution)
alpha beta
Disease-freestate,noadverseevents[18] 0.965(0.038) 0.954 0.976 21.61 0.78
Commonadverseevents(tamoxifen)[18] 0.959(0.043) 0.946 0.971 19.43 0.83
Commonadverseevents(anastrozole)[18] 0.958(0.047) 0.944 0.971 16.49 0.72
Vaginalbleeding[18] 0.926(0.077) 0.903 0.948  9.78 0.78
Endometrialcancer[18] 0.839(0.23) 0.767 0.900  1.30 0.25
Wristfracture[18] 0.852(0.196) 0.793 0.905  1.94 0.34
Newcontralateralbreastcancer[18] 0.702(0.361) 0.594 0.805  0.42 0.18
Local/regionalrecurrence[18] 0.766(0.281) 0.681 0.844  0.97 0.30
Deep-veinthromboembolism[18] 0.729(0.278) 0.647 0.808  1.13 0.42
Pulmonaryembolism[18] 0.741(0.264) 0.663 0.813  1.30 0.45
Spinalfracture[18] 0.751(0.229) 0.683 0.817  1.93 0.64
Hipfracture[18] 0.664(0.309) 0.569 0.750  0.89 0.45
Hormonaltherapyfordistantrecurrence[18] 0.642(0.319) 0.547 0.737  0.81 0.45
Chemotherapyfordistantrecurrence[18] 0.288(0.374) 0.178 0.403  0.13 0.33
Currenthealth[18] 0.893(0.15) 0.847 0.932  2.90 0.35
Myocardialinfarction[32] 0.750(0.2) NA NA  2.77 0.92
Stroke[32] 0.707(0.2) NA NA  2.95 1.22






mating themaximum levelof risk (ofbeingdead) that an individual is
willingtoacceptinordertoavoideachhealthstate[34,35].
Theutilityscoreswereassignedtothepatientsinthecorresponding
health states in the model and were used to estimate the number of
QALYsgainedbymultiplying themwith thenumberof yearspatients
stayedinthathealthstate.QALYswerediscountedby3%accordingto
therecentIQWiGguidelines[31].
The uncertainties in applying the utilities to a German population
wereaccountedforinthesensitivityanalysis.
Sensitivity Analysis













In the probabilistic sensitivity analysis, the incremental cost per




































I or II operable invasive breast cancerwho had previously received 6
monthsormoreofadjuvanthormonaltherapy[18].Utilitiesfordifferent



































IncrementalQALYs  0.32  0.15  0.24  0.30  0.46  0.26  0.21 0.16
Incrementalcosts,D  6,819  6,483  6,623  6,748  9,754  5,650  4,798 3,879








mated (discounted) cumulativemean cost per patient at 25
years compared with tamoxifen (R23,550 ($25,531) versus
R16,731($15,826))(table5).
Thus,anastrozolewasestimatedtoproduceagainof0.32
QALYs (or0.29 life-years survival) at anadditional costof
R6819 ($9705) per patient over a timehorizonof 25 years.
TheICERofanastrozolecomparedwithtamoxifenwasesti-
matedtobeR21,069($30,717)perQALYgained.Theincre-






















Effectiveness, Costs, and Cost Effectiveness Findings
Over the 25-year time horizon, anastrozole and tamoxifen
wereassociatedwithmeanQALYsof10.37and10.05perpa-
tient, respectively. Anastrozole was also associated with a
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Basecase Low High lowervalue highervalue
Costofroutinefollow-upforDR,anastrozole,D 886 443 1329 6286 7352
Costofroutinefollow-upforDR,tamoxifen,D 749 374 1123 7327 6311
Costofnon-fatalAEs,anastrozole,D 752 376 1129 6498 7140
Costofnon-fatalAEs,tamoxifen,D 593 296 889 7053 6585
CostoftreatmentforLRR,tamoxifen,D 7525 3763 11,288 7009 6629
CostoftreatmentforDR,D 20,019 10,010 30,029 6985 6653
CostoftreatmentforLRR,anastrozole,D 72.67 3633 10,900 6682 6956
AnastrozoleHRforrecurrence,D 0.76 0.67 0.87 6720 6937
Costofadditionalmonitoring,anastrozole,D 10 5 15 6752 6886


















per QALY gained with anastrozole would be less than
R30,000($34,867)anda50%probabilitythatitwouldbeless
thanR20,000($29,376).TheICERhada95%non-parametric









HR+EBC results in an improvement in survival (290 years
gained)andqualityoflife(320QALYsgained)inacohortof
1000patientsoveraperiodof25years.Fortheindividualpa-





thatDFS isan imperfectsurrogate forOS inadjuvant trials









Basecase Low High lowervalue highervalue
AnastrozoleHR 0.76 0.67 0.87 0.45 0.17
UtilityofnewCLBC 0.70 0.34 1.00 0.34 0.31
UtilityofDFSnoAEs 0.97 0.93 1.00 0.31 0.34
UtilityofDVT 0.73 0.45 1.00 0.31 0.34
Utilityofdistantchemo 0.29 0.00 0.66 0.34 0.31
%distant(vs.LRR)inyears1–10,tamoxifen 0.72 0.70 0.74 0.31 0.33
UtilityofcommonAEsanastrozole 0.96 0.91 1.00 0.31 0.33
%distant(vsLRR)inyears1–10,anastrozole 0.78 0.76 0.80 0.33 0.32
UtilityofLRR 0.77 0.49 1.00 0.33 0.32




Fig. 4. Probabilistic results.a Cost-effectiveness acceptability curve for anastrozole (25 years). b Cost-effectiveness plane, anastrozole vs. tamoxifen, incremental cost/QALY gained. Note: Based on a Monte Carlo 
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anastrozole (25 years). b Cost-effectiveness plane, anastrozole vs.






clinical trialsonadjuvantendocrine therapy inEBC. In the






The model also assumed that AEs/SAEs only occurred
overtheinitial5-yeartreatmentperiod,withtheexceptionof
endometrial cancer and thromboembolic events. Thus, the
model treatedAEs/SAEsseparately inorder toaccount for










zole have been studied extensively. The combined results
fromstudiesusingarangeofmethodologicalapproachessug-
gestthattheuseofAIs,includinganastrozole,asadjuvanten-
docrine treatment forEBC is a cost-effective alternative to
current standard therapies, although their effectiveness for
very-low-risktumorsremainsuncertain.ThestudybyLocker
et al. evaluated the cost effectiveness of anastrozole versus
tamoxifenforprimaryadjuvanttreatmentfromtheUShealth
careperspective [43].The incremental costeffectiveness for
anastrozoleversustamoxifenwas$20,246perQALYgained
(equivalent toR15,387, based on an exchange rate of $1 =






wide range of one-way sensitivity analyseswere performed









ity analysis to be the single most important model input.
WhereasHillneretal.[42]usedtheTTRHRthatwasavaila-
bleat the time (HR=0.79) [8], the currentmodeluses the
TTRHRfromthe100-monthanalysis (HR=0.76) [9].The




are unreliable [38]. On the other hand, Cuzick argues that
DFSisawell-acceptedendpointinadjuvantstudiesofbreast




recurrence to death in patients with breast cancer is com-
monly2–3yearsand longer,sothata longer follow-uptime
will be needed to accrue enough events to provide similar
powertothatachievableusingdistantrecurrence.TheEarly
Breast Cancer Trialists’ Collaborative Group analyzed the
5-yearand10-yeareffectsofvarioussystemicadjuvantthera-
piesonbreastcancerrecurrenceandsurvival[40].Whilethe
effectonrecurrence is seenduring the first5years,mostof
theeffectonbreastcancermortalitycomesafterthisperiod
[40].OScanbeimproved,buttreatmentsnormallyhaverela-
tively small effectsonmortality fromother causes,which is
usually high inolder patients (the typical population in the
largeAItrials).
Ouranalysis, consistentwith the clinical trial results, did
notassumeanyOSbenefit and showednon-parametricCIs
just overlapping at the 10-year time horizon (95% CI:
tamoxifen: 7.69–7.76 life-years gained (LYG); anastrozole:









chosen inorder to consider the long-termbenefits of treat-
ment, including the carryovereffect.This timehorizonalso





current data [9], the ICER of R21,069 per QALY gained
would be lower over longer time horizons and higher over
shortertimehorizons.Totestfortheeffectofassumingacar-
ryovereffectextendingbeyondthetrialtimehorizon,anad-
ditional scenariowas runwhere anastrozole didnot have a
recurrencebenefitcomparedtotamoxifeninyears9and10.
The resulting ICER(R 24,319perQALY)wasnot substan-
tiallyhigherthanthebasecaseresult.
Another potential limitation is that some inputs for the
model (e.g., estimates for resource use, definition of treat-
ment, etc.) are based on clinical expert opinion. A better
sourceof informationwouldhavebeenanationaldatabase





system(e.g.generalorganizational structure, costs, resource
use, etc.) and those of other countries forwhichCEAs for
anastrozolehavebeenperformed[46].Secondly,thecreation
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Mansel et al. [17],who carriedout aUKadaptationof the
currentmodel using the same time horizon but a different
basecasediscountrateof3.5%(asrecommendedbyNICE).
In that study,using theUKNationalHealthService (NHS)
perspective, the ICER of anastrozole compared with
tamoxifenwas £ 17,656 perQALY gained, which is within
NICE’sacceptedthresholdof£20,000to£30,000perQALY.
This is equivalent to an incremental cost of R22,728 per
QALY gained (exchange rate £ 1 = R1.28, October 2008),





ryovereffecton theoverall resultsofaCEA.In thestudyby
Manseletal.,itwasassumedthatacarryovereffectpersistsfor
afurther5yearsaftertreatmentcompletion[17].Karnonetal.
[41] analyzed the ICERof anastrozole versus tamoxifenwith
andwithoutacarryovereffectoftheAI.Withouttheeffect,an






which resulted in larger gains in life-years andQALYs than
thoseobtainedfromusingthepublisheddataofthe100-month
analysis (life-years gained: 0.35 vs. 0.29 in the present study;
QALYsgained:0.36vs.0.32inthepresentstudy).
In Germany, cost-effectiveness ratios are recognized by
IQWiGasanimportanttooltoaiddecisionmaking.HTAsby
theIQWiGarelikelytobecomearequirementfordecisions





aCEAof anastrozole from the perspective of theGerman
health care system was desirable for a number of reasons.
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